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METHOD AND SYSTEM FOR MANAGING A 
DISTRIBUTED TRANSACTION PROCESS 

[0001] This application claims priority under 35 U.S.C. § 
119 based on US. Provisional Application No. 60/414,645, 
?led Oct. 1, 2002 and US. Provisional Application No. 
60/430,941, ?led Dec. 5, 2002 the complete disclosures of 
Which are incorporated herein by reference. In addition, this 
application is related to US. patent application Ser. No. 
10/379,733 ?led Mar. 6, 2003 and entitled “Systems And 
Methods For Electronically Processing Government Spon 
sored Bene?ts,” the complete disclosure of Which is herein 
incorporated by reference. 

TECHNICAL FIELD 

[0002] This invention is related to data management, and 
more particularly to a method and system for managing a 
distributed transaction process, such as merging a database 
into a distributed transaction system. For eXample, one 
embodiment relates to recovering a distributed transaction 
process folloWing the loss of one database member of the 
distributed transaction. 

BACKGROUND 

[0003] The recent groWth of netWorking technologies, as, 
for eXample, those associated With the Internet, has helped 
to cause a shift in the manner in Which databases are 

maintained and used. For eXample, applications and asso 
ciated databases that Were typically local and in a one-to-one 
relationship have migrated to Wide-area-netWorks (WANs) 
With many client applications associated With one central 
iZed server and database. Despite numerous advantages 
associated With a centraliZed database con?guration, one 
draWback associated With such a con?guration is the vul 
nerability of the entire system to a single failure in the 
centraliZed database. 

[0004] Such a failure may affect the security of the data 
stored and the reliability of the system in general. For 
eXample, ?nancial institutions such as banks typically main 
tain proprietary customer data that is accessed for the 
purpose of both reading from existing customer records as 
Well as Writing to such records. Accordingly, the content of 
such a data collection is time dependent. As this customer 
data is accessed, it is vulnerable to system failures that may 
occur in the course of such access. 

[0005] To avoid a complete catastrophic loss of customer 
data, a backup copy of the data is conventionally main 
tained. Where the primary data collection is time dependent 
and Where backup copies are created at certain time inter 
vals, the backup copies Will correspond to “snapshots” of the 
primary data collection at speci?c intervals of time. During 
the time intervals betWeen the creation of backup copies, 
there Will occur some “latency” in the data content of the 
primary data collection and the backup data collection. 

[0006] More recently, in an effort to address some of the 
security and reliability concerns mentioned above, there has 
been an interest in more complex netWorking con?gurations 
that are decentraliZed. One eXample of such a con?guration 
makes use of What is referred to as a “distributed transac 
tion.” Where a conventional transaction involves the read 
ing, Writing, or updating of a database record in a single 
database, a distributed transaction involves the reading, 
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Writing, or updating of a database record in a plurality of 
databases, Where the plurality of databases may be redun 
dant databases. 

[0007] There are various technologies such as clustered 
operating and database systems, storage disk-based data 
replication, and database replication systems to provide 
instant redundant data. As used herein, “instant redundant 
data” implies a latency time betWeen a ?rst database and a 
second database (Which may be a backup of the ?rst data 
base or merely a related database) that is optimally or 
arbitrarily small. For eXample, the latency time betWeen a 
?rst database physically located in NeW York and a second 
database physically located in Los Angeles is at least equal 
to the amount of time required for communication betWeen 
such locations. 

[0008] FIG. 1 depicts an eXample of a distributed trans 
action system of the prior art. More generally, a conventional 
distributed transaction Will occur across, for eXample, tWo or 
more databases and is generally processed in What is 
referred to as an “ACID” Way. As used herein, “ACID” is an 

acronym for Atomic, Consistent, Isolation, and Durable. The 
term “atomic” is intended to indicate, for eXample, that 
every database either commits to the operation (reading, 
Writing, or updating) or the operation aborts. It is the “all or 
nothing” sense of the operation that is “atomic,” or indivis 
ible. The term “consistent” is intended to indicate that the 
entire operation transforms the set of databases from one 
consistent state to another consistent state. The term “iso 
lation” is intended to indicate that each operation is inde 
pendent of other operations. For eXample, the incomplete 
ness of one transaction should not impact other transactions. 
Finally, the term “durable” is intended to indicate that the 
effects of the operation performed in a distributed Way is 
permanent. 

[0009] Returning noW to FIG. 1, We observe that a trans 
action manager 130 communicates With a database instance 
102 and a database instance 112 through a resource manager 
101 and a resource manager 111 respectively over a netWork 
140. One skilled in the art Will appreciate that resource 
manager 101 and database instance 102 may be physically 
part of one complete computer system including its oWn 
CPU and memory in addition to the long-term storage that 
may be more particularly associated With database instance 
102. The same may be true for resource manager 111 and 
database instance 112. 

[0010] As depicted in FIG. 1, each of the resource man 
agers maintains a transaction journal that re?ects previous 
transactions that have been proposed by transaction manager 
130 and that have been committed to by the respective 
resource managers and databases and the time associated 
With the transaction. One skilled in the art Will appreciate 
that such transaction journals may also include information 
about transactions that have not been committed to or that 
have been rolled back. In addition, one skilled in the art Will 
appreciate that the transactions and the time associated With 
the transactions may not be completely identical as imple 
mented in each database instance. 

[0011] If the databases are eXact duplicates, then the 
transactions Will generally be duplicate transactions. HoW 
ever, if the databases are not intended to be eXact duplicates, 
but, rather, are intended to function With data in some 
one-to-one manner, then the transactions may not be eXact 
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duplicates. This dependency of the transaction upon the 
database is indicated in FIG. 1 by including the database 
reference number parenthetically With the transaction refer 
ence number. More speci?cally, if database instance 102 is 
identical to database instance 112, then transaction 151(102) 
should be identical to transaction 151(112). On the other 
hand, if database instance 102 is not identical to database 
instance 112, transaction 151(102) may not be exactly the 
same as transaction 151(112). This may occur, for example, 
When database instance 102 is a set of employee records for 
a company’s human resource department including both 
con?dential information and non-con?dential information, 
and database instance 112 is a database of employee records 
to be accessed by a publicly available Web server With only 
non-con?dential information. In such an instance, the tWo 
databases may not contain all the same information; hoW 
ever, the records contained in each database are correlated in 
a one-to-one manner and may be processed according to a 
conventional distributed transaction. 

[0012] Moreover, one skilled in the art Will also appreci 
ate, regardless of Whether the databases used in the distrib 
uted transaction process are completely identical, the respec 
tive time associated With a transaction in each respective 
database Will vary. The dependency of the time associated 
With a given transaction upon the database is indicated in 
FIG. 1 by including the database reference number paren 
thetically With the time reference number. Accordingly, 
although time 151(102) may correspond to exactly to affili 
ated time 151(112), one skilled in the art Will appreciate that, 
in fact, there Will occur some variation in the values of 
af?liated times 152(102) and 152(112). As mentioned above, 
if database instance 102 is physically located, for example, 
in NeW York and database instance 112 is physically located 
in Los Angeles, then one might expect that the variation 
betWeen affiliated times 152(102) and 152(112) is compa 
rable to the amount of time required to physically commu 
nicate betWeen the tWo database instances. 

[0013] In addition, the “atomic” nature of the transaction 
is illustrated in the folloWing example. Suppose that trans 
action manager 130 proposes a neW transaction (transaction 
171, for example, not depicted) and database instance 102 
commits While database instance 112 is not able to commit. 
In that instance, transaction manager 130 Will convention 
ally instruct resource manager 101 to rollback or undo the 
committed transaction 171(102) (not depicted) in database 
instance 102. In this manner, the “atomic” nature of the 
distributed transaction is preserved. 

[0014] Even though the above example involves only tWo 
databases, one skilled in the art Will appreciate that a 
distributed transaction may occur across any number of 
databases. 

[0015] Conventionally, systems that support distributed 
transactions are costly, and platform and vendor dependent. 
In addition, conventional systems that support distributed 
transactions Will only support automatic or manual fail-over. 
As used herein, a “fail-over” is a process Whereby, for 
example, a database cannot participate in a distributed 
transaction due to some critical exception, that is, becomes 
“sick.” FolloWing the critical exception, the transaction 
processing service Will exclude the sick database and sub 
sequently utiliZe the remaining active database(s) (the 
“healthy” databases). 
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[0016] As used herein, a “critical exception” refers to a 
failure of the ability of one database to continually record 
proposed transactions such that repeated undoing or roll 
back of the transaction in other databases (due to the 
“atomic” nature of the process) is too costly for the system. 
One skilled in the art Will appreciate that the “critical 
exception” level of failure of one database is generally 
determined by the judgment of the operator of the system. 
Although such automatic fail-over support may be provided 
by a vendor, there is no commercially available fail-back 
solution in Which the sick database automatically recovers 
and merges back into the distributed system. As used herein, 
a “fail-back” refers to the process Whereby, for example, the 
recovered sick database (Which has been made “healthy”) is 
automatically merged back into future distributed transac 
tions. 

[0017] As stated above, in the case Where any one data 
base repeatedly fails to commit to a transaction, (a “sick 
database”) then transaction manager 130 Will conventional 
sWitch into a “fail-over” mode Where the sick database is 
automatically excluded from future proposed transactions 
and a noti?cation may be generated for an administrator. An 
administrator may then determine the status of the sick 
database, perform Whatever operation may be required in 
order that it is “healthy” again, and then manually merge the 
database back into the distributed system. 

[0018] Such a manual merge operation may involve, for 
example, shutting the distributed system doWn in its entirety 
for a time period While the records in the healthy database 
are updated to be redundant With the records in the other 
databases. During this time period, the distributed transac 
tion system is unavailable for use. 

[0019] Accordingly, there is a need for a method and 
system to automatically merge a database into a distributed 
database system Without manually shutting doWn the dis 
tributed transaction system. 

SUMMARY 

[0020] Methods and systems consistent With the present 
invention relate to managing a distributed transaction pro 
cess. One embodiment, for example, relates to recovering a 
distributed transaction process folloWing the loss of one 
database member of the distributed transaction. 

[0021] To support fail-back, one embodiment utiliZes a 
transaction journal that stores all the updates to a ?rst 
database and a second database. The embodiment also 
contemplates, Without limitation, that the transaction journal 
entries are in the order in Which the transactions occurred. 
For example, and Without limitation, there may be a unique 
identi?er for each transaction. In addition, and consistent 
With the present invention, the transaction journal may 
contain information about a database identi?er for the last 
successful transaction. 

[0022] During the recover process, one embodiment auto 
matically detects any discrepancies betWeen each failed 
databases and the information in the transaction journal. The 
embodiment may then automatically send the transactions 
from the transaction journal to those failed databases in 
order for the failed databases to catch up to the healthy 
database serving as the active database. In the meantime the 
active databases can continue accept the ongoing live trans 
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actions (the “active” transactions) and the transaction jour 
nal continues the logging process. 

[0023] Once the discrepancy betWeen the recovered data 
base and the active database is reduced to a con?gurable 
threshold, the embodiment temporarily halts all transactions 
to the active databases. During the period in Which all 
transactions to the active databases are halted, the recovered 
databases may complete the catch-up process reducing the 
data latency betWeen the databases to Zero, or arbitrarily 
close to Zero. Accordingly, Within seconds, for example, the 
databases should be completely synchroniZed. At this point, 
the embodiment contemplates an automatic resumption of 
distributed transactions using all active and recovered data 
bases. 

[0024] Additional objects and advantages of the invention 
Will be set forth in part in the description Which folloWs, and 
in part Will be obvious from the description, or may be 
learned by practice of the invention. The objects and advan 
tages of the invention Will be realiZed and attained by means 
of the elements and combinations particularly pointed out in 
the appended claims. 

[0025] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
several embodiments and together With the description, 
serve to explain the principles of the invention. 

[0027] 
[0028] FIG. 1 is a system that performs distributed trans 
action processing from the prior art; 

[0029] FIG. 2 depicts a vieW of a system for managing a 
distributed transaction process consistent With methods and 
systems of the present invention at time 292 before the 
merge database begins the catch-up process; 

[0030] FIG. 3 depicts a vieW of a system for managing a 
distributed transaction process consistent With methods and 
systems of the present invention at time 392 after a ?rst 
iteration of a catch-up process; 

[0031] FIG. 4 depicts a vieW of a system for managing a 
distributed transaction process consistent With methods and 
systems of the present invention at time 492 after a second 
iteration of a catch-up process; 

In the draWings: 

[0032] FIG. 5 depicts a graphical representation of the 
catch-up process consistent With methods and systems of the 
present invention as Well as a graphical representation of 
exemplary asymptotes to trigger the addition of the merge 
database into the active distributed transactions; 

[0033] FIG. 6 depicts a vieW of a system for managing a 
distributed transaction process consistent With the methods 
and systems of the present invention after the merge data 
base is brought into the active distributed transactions; and 

[0034] FIG. 7 is a How chart illustrating a method of 
managing a distributed transaction process consistent With 
the present invention. 
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DESCRIPTION OF THE EMBODIMENTS 

[0035] A method and system for managing a distributed 
transaction process is described beloW. In the folloWing 
description, numerous exemplary details are set forth to 
provide an understanding of a preferred embodiment of the 
present invention. 

[0036] In a preferred embodiment depicted in FIG. 2, a 
system for managing a distributed transaction includes a 
transaction manager 230, an active transaction manager 236, 
a latent transaction manager 234 and a merge manager 232. 
The above managers are connected via a netWork 240 to a 
database instance 202, a database instance 212, and a merge 
database instance 222. As With the prior art system depicted 
in FIG. 1, one skilled in the art Will appreciate that an active 
resource manager 201 and active database instance 202 may 
be physically part of one complete computer system includ 
ing its oWn CPU and memory in addition to the long-term 
storage that may be more particularly associated With active 
database instance 202. The same may be true for an active 
resource manager 211 and active database instance 212, and 
a resource manager 221 and merge database instance 222. 
Moreover, although database instance 202, database 
instance 212, and database instance 222 may be associated 
With long-term storage, the corresponding database 
instances may also be associated With memory records 
loaded into temporary storage, such as RAM. 

[0037] The system in FIG. 2 is depicted at an instant of 
time 292 When merge database instance 222 is not partici 
pating in active distributed transactions. The database 
instances that are part of the active distributed transactions 
include database instance 202 and database instance 212. 
This is depicted in FIG. 2, in part, through the entries in a 
transaction journal 250 and a transaction journal 260, Which 
indicate an affiliation With the transaction entries in an active 
transaction manager log 237. For example, a transaction 251 
in active transaction manager log 237 is af?liated With a 
transaction 251(202) in transaction journal 250 and a trans 
action 251(212) in transaction journal 260. This af?liation 
betWeen the transactions in activate transaction manager log 
237 and those in transaction journal 250 and transaction 
journal 260 continue through a transaction 291 in active 
transaction manager log 237, a transaction 291(202) in 
transaction journal 250, and a transaction 291(212) in trans 
action journal 260. The transaction entries in transaction 
journal 270, hoWever, are depicted as concluding With a 
transaction 251(222), Which is af?liated With transaction 251 
in active transaction manager log 237. There are no trans 
actions depicted in transaction journal 270 that are affiliated 
With transactions 261-291 itemiZed in active transaction 
manager log 237. Such a system may result, for example, 
Where merge database instance 222, at and before a time 
252(222), participated in active distributed transactions With 
database instance 202 and database instance 212. FolloWing 
time 252(222), hoWever, merge database instance 222 may 
have experienced a critical exception Which prevented it 
from committing to a transaction affiliated With transaction 
261 in active transaction manager log 237. Active transac 
tion manager 236 may have decided to exclude merge 
database instance 222 from future distributed transactions 
due to a determination that the cost of rolling-back transac 
tions in database instance 202 and database instance 212 
exceeded the cost of simply excluding merge database 
instance 222 from future distributed transactions. Accord 
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ingly, the last affiliated transaction entry in transaction 
journal 270 before merge database instance 222 Was 
excluded is af?liated transaction 251(222). 

[0038] In the embodiment depicted in FIG. 2, We assume 
that the problem Which gave rise to the critical exception in 
merge database 222 has been ?xed and that merge database 
222 is, at the current time, capable of participating in future 
distributed transactions, except for the fact that merge data 
base instance 222 is not up to date With the transactions that 
have ensued since it Was excluded (i.e., transactions 261-291 
in active transaction manager log 237). 

[0039] Accordingly, in the system depicted in FIG. 2, 
active transaction manager 236 is continuing to manage 
active distributed transactions in database instance 202 and 
database instance 212 through active resource manager 201 
and active resource manager 211, respectively. Moreover, at 
the time depicted in FIG. 2, an active resource manager 225 
associated With merge database instance 222 is not manag 
ing any changes to merge database instance 222. Rather, a 
latent resource manager 226 Will be managing changes to 
merge database instance 222 in conjunction With a latent 
transaction manager 234 as described in more detail beloW. 
Moreover, a merge manager 232, in part, performs the 
function of determining When to hand control of merge 
database instance 222 to active resource manager 225 and 
active transaction manager 236. One skilled in the art Will 
appreciate that this Will occur When the transactions that 
have been recorded in merge database instance 222 are 
up-to-date With the active transactions that have been com 
mitted to in database instance 202 and database instance 
212. 

[0040] As mentioned above, latent transaction manager 
234 in FIG. 2 manages transactions to merge database 
instance 222 through latent resource manager 226. In order 
to assist in this process, latent transaction manager 234 in a 
preferred embodiment may make use of a discrepancy 
transaction log 235. As depicted in FIG. 2, discrepancy 
transaction log 235 identi?es all of the transactions or 
af?liated transactions that have ensued up to time 292 (the 
instant in time depicted in FIG. 2) but that have not been 
applied to merge database instance 222. As stated above, 
these discrepancy transactions include transactions 261-291. 
For the purpose of illustration only, We assume that this is a 
list of N1 transactions (Where, for example, N1=1,000). 
Accordingly, in a ?rst step consistent With the present 
invention, latent transaction manager 234 applies the N1 
transactions in discrepancy transaction log 235 to merge 
database instance 222. During the time period that this is 
occurring, active transaction manager 236 continues to 
accept additional transactions to apply to database instance 
202 and database instance 212. 

[0041] Again, for the purpose of illustration only, We 
assume that the time it takes to apply all N1 transactions to 
merge database instance 222 extends from time 292 to a time 
392. The resulting system at time 392 is depicted in FIG. 3. 

[0042] The system depicted in FIG. 3 is similar to the 
system of FIG. 2, With the folloWing exceptions: transaction 
journal 250 in FIG. 2 has been updated to a transaction 
journal 350 in FIG. 3; transaction journal 260 in FIG. 2 has 
been updated to a transaction journal 360 in FIG. 3; active 
transaction manager log 237 in FIG. 2 has been updated to 
an active transaction manager log 337 in FIG. 3; discrep 
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ancy transaction log 235 in FIG. 2 has been updated to a 
discrepancy transaction log 335 in FIG. 3; and merge log 
233 in FIG. 2 has been updated to a merge log 333 in FIG. 
3. 

[0043] In each instance, the respective journals and logs 
are consistent With the system of FIG. 2 at a later time: time 
392. Accordingly, all of the entries have the same meaning 
as their counterparts in FIG. 2. In the embodiment depicted 
in FIG. 3, hoWever, merge log 333 noW includes an entry. 
Speci?cally, the entry in merge log 333 indicates that the set 
of N1 transactions listed in discrepancy transaction log 235 
in FIG. 2 have noW been applied to merge database instance 
222, and took a time 331 to perform. For example, time 331 
may be the simple difference betWeen a time 292 (the time 
associated With the system of FIG. 2 before the N1 trans 
actions Were applied to merge database instance 222) and a 
time 392 (the time associated With the system of FIG. 3 after 
the N1 transactions have been applied to merge database 
instance 222). 

[0044] Merge manager 232 in a preferred embodiment 
may record this information in order to decide Whether to 
transfer control of merge database instance 222 to active 
transaction manager 236 and active resource manager 225. 
For the purpose of illustration only, We assume that merge 
manager 232 at the time depicted in FIG. 3 has not yet 
decided to transfer control of merge database instance 222 to 
active transaction manager 236 and active resource manager 
225. Rather, We assume that merge manager 232 has decided 
that additional discrepancy transactions need to be applied to 
merge database instance 222. As depicted in FIG. 3, the list 
of discrepancy transactions at time 392 is in discrepancy 
transaction log 335: the transactions 301-391. 

[0045] Accordingly, as Was the case in depicting the 
system at time 292 in FIG. 2, for the purpose of illustration 
only, We assume that the list of discrepancy transactions 
(transactions 301-391) is a list of N2 transactions (Where, for 
example, N2=300). 
[0046] Accordingly, in a second step consistent With the 
present invention, latent transaction manager 234 applies the 
N2 transactions in discrepancy transaction log 335 to merge 
database instance 222. During the time period that this is 
occurring, active transaction manager 236 again continues to 
accept additional transactions to apply to database instance 
202 and database instance 212. 

[0047] Again, for the purpose of illustration only, We 
assume that the time it takes to apply all N2 transactions to 
merge database instance 222 extends from time 392 to a time 
492. The resulting system at time 492 is depicted in FIG. 4. 

[0048] Again, the system depicted in FIG. 4 is similar to 
the system of FIG. 3, With the folloWing exceptions: trans 
action journal 350 in FIG. 3 has been updated to a trans 
action journal 450 in FIG. 4; transaction journal 360 in FIG. 
3 has been updated to a transaction journal 460 in FIG. 4; 
active transaction manager log 337 in FIG. 3 has been 
updated to an active transaction manager log 437 in FIG. 4; 
discrepancy transaction log 335 in FIG. 3 has been updated 
to a discrepancy transaction log 435 in FIG. 4; and merge 
log 333 in FIG. 3 has been updated to a merge log 433 in 
FIG. 4. 

[0049] Again, the respective journals and logs are consis 
tent With the system of FIGS. 2 and 3 at a later time: time 
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492. Accordingly, as before, all of the entries have the same 
meaning as their counterparts in FIGS. 2 and 3. In addition, 
as depicted in FIG. 4, merge log 433 includes an updated 
entry corresponding to the discrepancy update applied to 
merge database instance 222 betWeen the time period of 
FIG. 3 and the time period of FIG. 4. In FIG. 4, the updated 
entry in merge log 433 indicates that the set of N2 transac 
tions listed in discrepancy transaction log 335 in FIG. 3 
have noW been applied to merge database instance 222, and 
took a time 431 to perform. Again, as before, time 431 may 
be the simple difference betWeen time 392 (the time asso 
ciated With the system of FIG. 3 before the N2 transactions 
Were applied to merge database instance 222) and time 492 
(the time associated With the system of FIG. 4 after the N2 
transactions have been applied to merge database instance 
222). 
[0050] Again for the purpose of illustration only, We 
assume that merge manager 232 at the time depicted in FIG. 
4 has not yet decided to transfer control of merge database 
instance 222 to active transaction manager 236 and active 
resource manager 225. Rather, We assume that merge man 
ager 232 has decided that additional discrepancy transac 
tions need to be applied to merge database instance 222. As 
depicted in FIG. 4, the list of discrepancy transactions at 
time 492 is in discrepancy transaction log 435: the transac 
tions 401-491. 

[0051] One skilled in the art Will appreciate that the series 
of iterations depicted in FIGS. 2-4 may continue until the 
number of discrepancy transactions in discrepancy transac 
tion log 435 are at a level at Which the cost of temporarily 
pausing the active transactions to database instance 202 and 
database instance 212 While merge database instance 222 is 
?nally updated to include the last active affiliated transaction 
is at an acceptable level. While the active transactions to 
database instance 202 and database instance 212 are paused, 
transaction manager 230 may temporarily store pending 
active transactions in a transaction cache 238. After the last 
af?liated active transaction has been applied to merge data 
base instance 222, merge manager 232 may direct control of 
merge database instance 222 from latent transaction man 
ager 234 and latent resource manager 226 to active trans 
action manager 236 and active resource manager 225. At this 
point, all of database instance 202, database instance 212, 
and merge database instance 222 Will participate in active 
distributed transactions. Accordingly, the addition of merge 
database instance 222 to the distributed transaction system 
depicted in FIGS. 2-4 has been completed. 

[0052] FIG. 5 is a graphical representation of the itera 
tions depicted in FIGS. 2-4. 

[0053] Speci?cally, the coordinates on the abscissa are 
related to the number of discrepancy transaction iterations 
that latent transaction manager 234 applies to merge data 
base instance 222. The iteration labeled “1” on the abscissa 
corresponds to the transformation of the system from FIG. 
2 to FIG. 3. The ordinate on the left corresponds to the 
number of discrepancy transactions applied to merge data 
base instance 222 in one iteration, and the ordinate on the 
right corresponds to the amount of time required for the set 
of discrepancy transactions to be applied to merge database 
instance 222 in one iteration. Accordingly, the number of 
discrepancy transactions associated With iteration “1” in 
FIG. 5 is N1 and the amount of time associated With 
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iteration “1” is time 331. Likewise, the iteration labeled “2” 
on the abscissa in FIG. 5 corresponds to the transformation 
of the system from FIG. 3 to FIG. 4, Where the number of 
discrepancy transactions associated With iteration “2” in 
FIG. 5 is N2, and the amount of time associated With 
iteration “2” is time 431. 

[0054] The sequence of iterations depicted in FIG. 5 is 
eXemplary only, and indicates a general trend doWnWard 
toWards some point loW on the ordinate scale. One skilled in 
the art Will appreciate, hoWever, that the trend may not 
necessarily folloW such a smooth doWnWard path toWards 
the abscissa. For example, one skilled in the art Will appre 
ciate that the on-going active transactions that determine the 
subsequent number of discrepancy transactions may be 
submitted to the system in a random or a bursty manner. 
Speci?cally, the number of active transactions that are 
processed by database instance 202 and database instance 
212 during a time period When merge database instance 222 
is being updated may be Zero or may hit some maXimum 
value. HoWever, to the eXtent that the amount of time 
required for merge database instance 222 to commit to a 
discrepancy transaction is of the same order of magnitude as 
the amount of time required for a distributed transaction to 
be committed to by both database instance 202 and 212, the 
general trend of a curve such as that depicted in FIG. 5 is 
eXpected to decrease as a function of iterations. 

[0055] As stated earlier With regard to FIG. 4, merge 
manager 232 may determine at some point in time that the 
cost of temporarily pausing the active transactions to data 
base instance 202 and database instance 212 While merge 
database instance 222 is ?nally updated to include the last 
active af?liated transaction is at an acceptable level. Such a 
determination by merge manager 232 is illustrated in FIG. 
5 by an asymptote 560 and an asymptote 570. For eXample, 
asymptote 560 is illustrated to correspond to some overall 
number of discrepancy transactions on the left ordinate. 
Accordingly, merge manager 232 may determine that the 
number of discrepancy transactions in a discrepancy trans 
action log 435 is at or beloW some threshold depicted in 
FIG. 5 by asymptote 560. At this point, as discussed earlier, 
merge manager 232 may direct active transaction manager 
236 to pause all active transactions to database instance 202 
and database instance 212 until merge database instance 222 
is ?nally caught up to the last affiliated transaction. After this 
time, merge manager 232 may direct control of merge 
database instance 222 from latent transaction manager 234 
and latent resource manager 226 to active transaction man 
ager 236 and active resource manager 225. At this point, all 
of database instance 202, database instance 212, and merge 
database instance 222 Will participate in subsequent active 
distributed transactions. 

[0056] Alternatively, merge manager 232 may decide to 
transfer control of merge database instance 222 to active 
transaction manager 236 and active resource manager 225 
according to asymptote 570. For eXample, asymptote 570 is 
illustrated to correspond to a selected overall discrepancy 
transaction distribution time on the right ordinate. Accord 
ingly, merge manager 232 may determine that the amount of 
time required to update merge database instance 222 With 
the discrepancy transactions in discrepancy transaction log 
435 is at or beloW the threshold depicted in FIG. 5 by 
asymptote 570. Again, as discussed earlier, merge manager 
232 directs active transaction manager 236 to pause all 
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active transactions to database instance 202 and database 
instance 212 While merge database instance 222 is ?nally 
caught up to the last affiliated transaction. After this time, 
merge manager 232 may direct control of merge database 
instance 222 from latent transaction manager 234 and latent 
resource manager 226 to active transaction manager 236 and 
active resource manager 225. At this point, again, all of 
database instance 202, database instance 212, and merge 
database instance 222 Will participate in subsequent active 
distributed transactions. 

[0057] Merge manager 232 may calculate a discrepancy 
transaction distribution time associated With an asymptote 
570 according to a selected algorithm. For example, merge 
manager may be able to estimate the amount of time per 
transaction according to the existing af?liated times 
302(222)-392(222), or in any other manner. Merge manager 
232 may also examine the current range of distribution times 
represented by, for example, af?liated times 302(202) 
392(202) in transaction journal 350 (FIG. 3), affiliated times 
302(212)-392(212) in a transaction journal 360, and affili 
ated times 302-392 in discrepancy transaction log 335. For 
example, merge manager 232 may calculate a “characteristic 
distribution time” per transaction represented, for example, 
by the average of: MAX(time 302, time 302(202), time 
302(212))—MIN(time 302, time 302(202), time 302(212)) 
for a number of distributed transactions. Accordingly, When 
the estimated amount of time to update merge database 222 
is approximately equal to or less than a characteristic 
distribution time such as represented in one embodiment by 
asymptote 570, merge manager 232 may direct the ?nal 
updating of merge database instance 222 and the transfer of 
control of merge database instance 222 to active transaction 
manager 236 and active resource manager 225. 

[0058] FIG. 6 depicts the system of FIGS. 2-4 at a time 
after Which control of merge database instance 222 has been 
transferred to active transaction manager 236 and active 
resource manager 225. As is depicted in FIG. 6, a transac 
tion journal 670 includes active transactions that are af?li 
ated With those in a transaction journal 650 and a transaction 
journal 660. 

[0059] FIG. 7 depicts a method consistent With the present 
invention and With the transformation of the system depicted 
in FIGS. 2-4, and 6. Speci?cally, a step 704 depicts identi 
fying a set of N transactions that have been committed to by 
the active databases (database instance 202 and database 
instance 212, for example) but that have not yet been 
committed to be the database to be merged (merge database 
instance 222, for example). As discussed earlier, the siZe of 
set N may represent the number of discrepancy transactions. 
A step 706 depicts determining Whether the number of 
discrepancy transactions is Zero. If this is the case, then 
control of the database to be merged may be simply handed 
over to the active transaction manager (for example, active 
transaction manager 236 and active resource manager 225) 
While the system is in a pause state (steps 716 and 718) and 
the system may proceed With subsequent distributed trans 
actions including the merged database (a step 720). 

[0060] On the other hand, if the number of discrepancy 
transactions is not Zero, then a determination may be made 
as to Whether the cost of pausing the system, updating the 
database to be merged, and proceeding is at an acceptable 
level. This may be performed, for example, by determining 
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Whether the estimated time to update the database to be 
merged is at or less than a characteristic distribution time (a 
step 708). If this is the case, the processing of the active 
distributed transactions to the active databases is temporarily 
paused (a step 712), the merge database is updated With the 
discrepancy transactions (a step 714), then control of the 
database to be merged is handed over the active transaction 
manager (for example, active transaction manager 236 and 
active resource manager 225) (a step 718) and the system 
may proceed With subsequent distributed transactions 
including the merged database (step 720). 

[0061] Alternatively, if the cost of pausing the system, 
updating the database to be merged, and proceeding is at not 
at an acceptable level (step 708), then the system may 
simply update the database to be merged With the current set 
of discrepancy transactions While the active databases con 
tinue to accept the active transactions (a step 710). FolloW 
ing this step, the system may then return to step 704 by 
identifying the neW set of transactions that have been 
committed to by the active databases (database instance 202 
and database instance 212, for example) but that have not yet 
been committed to be the database to be merged (merge 
database instance 222, for example). The method may then 
proceed as described above With respect to step 706. 

[0062] For example, and Without limitation, one applica 
tion that the present invention may be applied to includes the 
maintenance of multiple databases associated With Elec 
tronic Bene?ts Transfer and Electronic Payment Processing 
and Information Control (EPPIC) systems as described 
related US. patent application Ser. No. 10/379,733 ?led 
Mar. 6, 2003 and hereinabove incorporated by reference. 

[0063] When implemented to run on a JAVA Virtual 
Machine (JVM) in the EPPIC system, an embodiment of the 
present invention utiliZes a persistence package to handle all 
high-level database access. The persistence package, for 
example, alloWs created objects and variables to continue to 
exist and retain their values betWeen runs, and is dynami 
cally con?gurable by the system management and by pro 
grammatic APIs (Application Program Interface). In one 
embodiment in the EPPIC system, persistence logging is 
used to ensure that database instances can be merged back 
into a distributed transaction process. For example, a per 
sistence log database may be associated With each database 
instance. The physical database associated With the persis 
tence log database may be the same physical database as the 
database instance. In such a case, When the database instance 
goes inactive, the persistence log database also goes inac 
tive. 

[0064] Moreover, the embodiment of the present invention 
in the disclosed EPPIC system is generally used for failover/ 
failback purposes only. That is, the embodiment of the 
present invention for managing distributed transaction pro 
cess is not generally used to migrate the entire contents of a 
database onto a blank neW database. For example, in the 
embodiment of the present invention used in the EPPIC 
system, the persistence log databases are purged once they 
are no longer needed, such as When all EPPIC databases 
have committed to a transaction. To create a neW database, 
hoWever, one could manually take one database offline 
(including its persistence log database) and make a copy of 
the entire contents of the database and the corresponding 
persistence log database onto a neW database. AfterWards, 
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the entire system, including the neW database With its 
corresponding persistence log database, may be resynchro 
niZed according to the system and method of the present 
invention. 

[0065] In addition, in the embodiment of the present 
invention in the EPPIC system, all of the components of the 
EPPIC system that utiliZe the persistence layer and that 
perform the Writes to the EPPIC databases should run Within 
the same JVM. Moreover, those components of the EPPIC 
system that do not need to Write to the EPPIC databases 
should be initialiZed to not use the persistence layer in their 
respective con?guration ?les. One skilled in the art should 
appreciate, hoWever, that the above recited implementation 
in the EPPIC system may be generaliZed according to the 
system and methods disclosed herein. Moreover, the inven 
tion is not limited to implementations in the JAVA program 
ming environment. Other implementations are, of course, 
contemplated such as in C++, C, and C#, etc. 

Conclusion 

[0066] This invention is related to data management, and 
more particularly to a method and system for managing a 
distributed transaction process folloWing a failure of such a 
process due to the loss of one database member of the 
distributed transaction. 

[0067] The foregoing description of an implementation of 
the invention has been presented for purposes of illustration 
and description. It is not exhaustive and does not limit the 
invention to the precise form disclosed. One skilled in the art 
Will appreciate from the foregoing description that modi? 
cations and variations are possible in light of the above 
teachings or may be acquired from practicing of the inven 
tion. For example, the steps associated With the present 
invention may be implemented as a combination of hard 
Ware and softWare or in hardWare alone. Furthermore, 
although certain aspects of the present invention are 
described as being stored in memory, one skilled in the art 
Will appreciate that these aspects may also be stored on or 
read from other computer-readable media, such as second 
ary storage devices, like hard disks, ?oppy disks, or CD 
Rom; a carrier Wave from the Internet; or other forms of 
RAM or ROM. Moreover, although certain aspects of the 
present invention are described With regard to database 
instances associated With long-term storage, one skilled in 
the art Will appreciate that the database instances may also 
be associated With memory records loaded into temporary 
storage, such as RAM. Accordingly, the invention is not 
limited to the above-described embodiments, but instead is 
de?ned by the appended claims in light of their full scope of 
equivalents. 

What is claimed is: 
1. A method for managing a distributed transaction sys 

tem, comprising: 

managing transactions With at least an active database, 
Where the active database re?ects an application of a 
?rst set of transactions; 

managing transactions With a merge database, Where the 
merge database re?ects an application of a second set 
of transactions and Where a ?rst subset of the ?rst set 
of transactions is af?liated With the second set of 
transactions; 
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generating transaction log information that re?ects a 
second subset of the ?rst set of transactions that are not 
affiliated With the second set of transactions; 

determining Whether to transfer control of the merge 
database to an active transaction manager; and 

if a determination is made not to transfer control of the 
merge database to the active transaction manager, 

instructing a latent transaction manager to apply trans 
actions to the merge database to re?ect a set of 
transactions af?liated With the second subset of 
transactions re?ected in the transaction log informa 
tion, and 

instructing the active transaction manager to manage 
transactions With the active database. 

2. The method of claim 1, Wherein determining Whether 
to transfer control of the merge database to an active 
transaction manager comprises: 

determining a log number re?ecting a total quantity of 
transactions in the transaction log information; 

comparing the log number to a target value; and 

transferring control of the merge database to the active 
transaction manager if the log number bears a prede 
termined relationship to the target value. 

3. The method of claim 1, Wherein determining Whether 
to transfer control of the merge database to an active 
transaction manager comprises: 

determining a log number re?ecting a total quantity of 
transactions in the transaction log information; 

comparing the log number to a target value; and 

transferring control of the merge database to the active 
transaction manager if the log number is less than the 
target value. 

4. The method of claim 1, Wherein determining Whether 
to transfer control of the merge database to an active 
transaction manager comprises: 

calculating a characteristic distribution time associated 
With the active transaction manager; 

calculating a time value for the merge database to re?ect 
a set of transactions af?liated With the second subset of 
transactions re?ected in the transaction log informa 
tion; and 

transferring control of the merge database to the active 
transaction manager if the time value bears a predeter 
mined relationship With the characteristic distribution 
time. 

5. The method of claim 4 Wherein calculating a charac 
teristic distribution time comprises: 

determining an amount of time per transaction for the 
active transaction manager to manage transactions With 
the active database; and 

setting the characteristic distribution time equal or 
approximately equal to the amount of time per trans 
action. 

6. The method of claim 1, Wherein determining Whether 
to transfer control of the merge database to an active 
transaction manager comprises: 



US 2004/0088298 A1 

calculating a characteristic distribution time associated 
With the active transaction manager; 

calculating a time value for the merge database to re?ect 
a set of transactions af?liated With the second subset of 
transactions re?ected in the transaction log informa 
tion; and 

transferring control of the merge database to the active 
transaction manager if the time value is less than the 
characteristic distribution time. 

7. The method of claim 6 Wherein calculating a charac 
teristic distribution time comprises: 

determining an amount of time per transaction for the 
active transaction manager to manage transactions With 
the active database; and 

setting the characteristic distribution time equal or 
approximately equal to the amount of time per trans 
action. 

8. The method of claim 1, Wherein managing transactions 
With at least an active database comprises: 

generating unique identi?ers for transactions in said ?rst 
set of transactions. 

9. The method of claim 1, Wherein managing transactions 
With at least an active database comprises: 

managing transactions in association With a Java Virtual 
Machine. 

10. The method of claim 1, Wherein managing transac 
tions With at least an active database comprises: 

managing transactions With said active database stored in 
RAM. 

11. The method of claim 1, Wherein managing transac 
tions With a merge database comprises: 

managing transactions With said merge database stored in 
RAM. 

12. The method of claim 1, Wherein managing transac 
tions With at least an active database comprises: 

managing a persistence log. 
13. The method of claim 1, Where, if a determination is 

made to transfer control of the merge database to the active 
transaction manager: 

instructing the active transaction manager to halt trans 
actions With the active database, 

instructing the latent transaction manager to update the 
merge database to re?ect a set of transactions af?liated 
With the second subset of transactions re?ected in the 
transaction log information, and 

instructing the active transaction manager to manage 
transactions to the active database and the merge data 
base. 

14. The method of claim 16, Wherein determining Whether 
to transfer control of the merge database to an active 
transaction manager comprises: 

determining a log number re?ecting a total quantity of 
transactions in the transaction log information; 

comparing the log number to a target value; and 

transferring control of the merge database to the active 
transaction manager if the log number bears a prede 
termined relationship to the target value. 
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15. The method of claim 13, Wherein determining Whether 
to transfer control of the merge database to an active 
transaction manager comprises: 

determining a log number re?ecting a total quantity of 
transactions in the transaction log information; 

comparing the log number to a target value; and 

transferring control of the merge database to the active 
transaction manager if the log number is less than the 
target value. 

16. The method of claim 13, Wherein determining Whether 
to transfer control of the merge database to an active 
transaction manager comprises: 

calculating a characteristic distribution time associated 
With the active transaction manager; 

calculating a time value for the merge database to re?ect 
a set of transactions af?liated With the second subset of 
transactions re?ected in the transaction log informa 
tion; and 

transferring control of the merge database to the active 
transaction manager if the time value bears a predeter 
mined relationship With the characteristic distribution 
time. 

17. The method of claim 16 Wherein calculating a char 
acteristic distribution time comprises: 

determining an amount of time per transaction for the 
active transaction manager to manage transactions With 
the active database; and 

setting the characteristic distribution time equal or 
approximately equal to the amount of time per trans 
action. 

18. The method of claim 13, Wherein determining Whether 
to transfer control of the merge database to an active 
transaction manager comprises: 

calculating a characteristic distribution time associated 
With the active transaction manager; 

calculating a time value for the merge database to re?ect 
a set of transactions af?liated With the second subset of 
transactions re?ected in the transaction log informa 
tion; and 

transferring control of the merge database to the active 
transaction manager if the time value is less than the 
characteristic distribution time. 

19. The method of claim 18 Wherein calculating a char 
acteristic distribution time comprises: 

determining an amount of time per transaction for the 
active transaction manager to manage transactions With 
the active database; and 

setting the characteristic distribution time equal or 
approximately equal to the amount of time per trans 
action. 

20. The method of claim 13, Wherein managing transac 
tions With at least an active database comprises: 

generating unique identi?ers for transactions in said ?rst 
set of transactions. 

21. The method of claim 13, Wherein managing transac 
tions With at least an active database comprises: 
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managing transactions in association With a Java Virtual 
Machine. 

22. The method of claim 13, Wherein managing transac 
tions With at least an active database comprises: 

managing transactions With said active database stored in 
RAM. 

23. The method of claim 13, Wherein managing transac 
tions With a merge database comprises: 

managing transactions With said merge database stored in 
RAM. 

24. The method of claim 13, Wherein managing transac 
tions With at least an active database comprises: 

managing a persistence log. 
25. A system for managing a distributed transaction 

process comprising: 

an active transaction manager that manages transactions 
With at least an active database, Where the active 
database re?ects an application of a ?rst set of trans 

actions; 
a latent transaction manager that manages transactions 

With a merge database, Where the merge database 
re?ects an application of a second set of transactions, 
and Where a ?rst subset of the ?rst set of transactions 
is af?liated With the second set of transactions; 

a transaction log that re?ects a second subset of the ?rst 
set of transactions that are not af?liated With the second 
set of transactions; and 

a merge manager that uses the transaction log to deter 
mine Whether to transfer control of the merge database 
to the active transaction manager; 

Where, if the merge manager does not transfer control of 
the merge database to the active transaction manager, 

the latent transaction manager is con?gured to apply 
transactions to the merge database to re?ect a set of 
transactions affiliated With the second subset of 
transactions re?ected in the transaction log. 

26. The system of claim 25, Wherein the merge manager 
comprises: 

a counter con?gured to generate a log number re?ecting 
a total quantity of transactions in the transaction log; 
and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the log 
number is approximately equal to a target value. 

27. The system of claim 25, Wherein the merge manager 
comprises: 

a counter con?gured to generate a log number re?ecting 
a total quantity of transactions in the transaction log; 
and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the log 
number is less than a target value. 

28. The system of claim 25, Wherein the merge manager 
comprises: 

a time calculator con?gured to calculate a characteristic 
distribution time associated With the active transaction 
manager; 
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a merge time calculator con?gured to calculate a merge 
time value for the merge database to re?ect a set of 
transactions af?liated With the second subset of trans 
actions re?ected in the transaction log; and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the merge 
time value is approximately equal to the characteristic 
distribution time. 

29. The system of claim 28, Wherein the time calculator 
comprises: 

an active time calculator con?gured to calculate an 

amount of time per transaction for the active transac 
tion manager to manage transactions With the active 

database; and 

a results processor con?gured to set the characteristic 
distribution time equal or approximately equal to the 
amount of time per transaction. 

30. The system of claim 25, Wherein the merge manager 
comprises: 

a time calculator con?gured to calculate a characteristic 
distribution time associated With the active transaction 

manager; 

a merge time calculator con?gured to calculate a merge 
time value for the merge database to re?ect a set of 
transactions af?liated With the second subset of trans 
actions re?ected in the transaction log; and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the merge 
time value is less than the characteristic distribution 
time. 

31. The system of claim 30, Wherein the time calculator 
comprises: 

an active time calculator con?gured to calculate an 
amount of time per transaction for the active transac 
tion manager to manage transactions With the active 
database; and 

a results processor con?gured to set the characteristic 
distribution time equal or approximately equal to the 
amount of time per transaction. 

32. The system of claim 25 , Wherein the active transaction 
manager comprises: 

an identi?er generator con?gured to generate unique 
identi?ers for transactions in said ?rst set of transac 
tions. 

33. The system of claim 25, Where the active transaction 
manager is implemented in association With a Java Virtual 
Machine. 

34. The system of claim 25, Where said active database is 
stored in RAM. 

35. The system of claim 25, Where said merge database is 
stored in RAM. 

36. The system of claim 25, Where the active transaction 
manager manages a persistence log. 
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37. The system of claim 25, Where, if the merge manager 
transfers control of the 

merge database to the active transaction manager, 

the latent transaction manager is con?gured to update the 
merge database to re?ect a set of transactions af?liated 
With the second subset of transactions re?ected in the 
transaction log, and 

the active transaction manager is con?gured to halt trans 
actions With the active database While the latent trans 
action manager updates the merge database to re?ect 
the set of transactions af?liated With the second subset 
of transactions re?ected in the transaction log, and the 
active transaction manager is further con?gured to 
subsequently manage transactions to the active data 
base and the merge database. 

38. The system of claim 37, Wherein the merge manager 
comprises: 

a counter con?gured to generate a log number re?ecting 
a total quantity of transactions in the transaction log; 
and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the log 
number is approximately equal to a target value. 

39. The system of claim 37, Wherein the merge manager 
comprises: 

a counter con?gured to generate a log number re?ecting 
a total quantity of transactions in the transaction log; 
and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the log 
number is less than a target value. 

40. The system of claim 37, Wherein the merge manager 
comprises: 

a time calculator con?gured to calculate a characteristic 
distribution time associated With the active transaction 
manager; 

a merge time calculator con?gured to calculate a merge 
time value for the merge database to re?ect a set of 
transactions af?liated With the second subset of trans 
actions re?ected in the transaction log; and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the merge 
time value is approximately equal to the characteristic 
distribution time. 

41. The system of claim 40, Wherein the time calculator 
comprises: 

an active time calculator con?gured to calculate an 
amount of time per transaction for the active transac 
tion manager to manage transactions With the active 
database; and 

a results processor con?gured to set the characteristic 
distribution time equal or approximately equal to the 
amount of time per transaction. 

42. The system of claim 37, Wherein the merge manager 
comprises: 

a time calculator con?gured to calculate a characteristic 
distribution time associated With the active transaction 
manager; 
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a merge time calculator con?gured to calculate a merge 
time value for the merge database to re?ect a set of 
transactions af?liated With the second subset of trans 
actions re?ected in the transaction log; and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the merge 
time value is less than the characteristic distribution 
time. 

43. The system of claim 42, Wherein the time calculator 
comprises: 

an active time calculator con?gured to calculate an 
amount of time per transaction for the active transac 
tion manager to manage transactions With the active 
database; and 

a results processor con?gured to set the characteristic 
distribution time equal or approximately equal to the 
amount of time per transaction. 

44. The system of claim 37, Wherein the active transaction 
manager comprises: 

an identi?er generator con?gured to generate unique 
identi?ers for transactions in said ?rst set of transac 
tions. 

45. The system of claim 37, Where the active transaction 
manager is implemented in association With a Java Virtual 
Machine. 

46. The system of claim 37, Where said active database is 
stored in RAM. 

47. The system of claim 37, Where said merge database is 
stored in RAM. 

48. The system of claim 37, Where the active transaction 
manager manages a persistence log. 

49. A set of signals for instructing a system that manages 
a distributed transaction process, the system comprising: 

an active transaction manager, responsive to signals, 
Where the active transaction manager manages trans 
actions With at least an active database and Where the 
active database re?ects an application of a ?rst set of 

transactions; 
a latent transaction manager, responsive to signals, Where 

the latent transaction manager manages transactions 
With a merge database, Where the merge database 
re?ects an application of a second set of transactions, 
and Where a ?rst subset of the ?rst set of transactions 
is af?liated With the second set of transactions; 

a transaction log that re?ects a second subset of the ?rst 
set of transactions that are not af?liated With the second 
set of transactions; and 

merge manager that uses the transaction log to deter 
mine Whether to transfer control of the merge database 
to the active transaction manager; 

the set of signals comprising: 

a ?rst signal for instructing the latent transaction manager, 
and a second signal for instructing the active transac 
tion manager, Where the ?rst signal causes the latent 
transaction manager to apply transactions to the merge 
database to re?ect a set of transactions af?liated With 
the second subset of transactions re?ected in the trans 
action log and the second signal causes the active 
transaction manager to manage transactions With the 
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active database if the merge manager does not transfer 
control of the merge database to the active transaction 
manager. 

50. The set of signals of claim 49, Wherein the merge 
manager comprises: 

a counter con?gured to generate a log number re?ecting 
a total quantity of transactions in the transaction log; 
and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the log 
number is approximately equal to a target value. 

51. The set of signals of claim 49, Wherein the merge 
manager comprises: 

a counter con?gured to generate a log number re?ecting 
a total quantity of transactions in the transaction log; 
and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the log 
number is less than a target value. 

52. The set of signals of claim 49, Wherein the merge 
manager comprises: 

a time calculator con?gured to calculate a characteristic 
distribution time associated With the active transaction 
manager; 

a merge time calculator con?gured to calculate a merge 
time value for the merge database to re?ect a set of 
transactions affiliated With the set of transactions 
re?ected in the transaction log information; and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the merge 
time value is approximately equal to the characteristic 
distribution time. 

53. The set of signals of claim 52, Wherein the time 
calculator comprises: 

an active time calculator con?gured to calculate an 
amount of time per transaction for the active transac 
tion manager to manage transactions With the active 
database; and 

a result calculator con?gured to set the characteristic 
distribution time equal or approximately equal to the 
amount of time per transaction. 

54. The set of signals of claim 49, Wherein the merge 
manager comprises: 

a time calculator con?gured to calculate a characteristic 
distribution time associated With the active transaction 
manager; 

a merge time calculator con?gured to calculate a merge 
time value for the merge database to re?ect a set of 
transactions af?liated With the second subset of trans 
actions re?ected in the transaction log; and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the merge 
time value is less than the characteristic distribution 
time. 

55. The set of signals of claim 54, Wherein the time 
calculator comprises: 
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an active time calculator con?gured to calculate an 
amount of time per transaction for the active transac 
tion manager to manage transactions With the active 
database; and 

a results processor con?gured to set the characteristic 
distribution time equal or approximately equal to the 
amount of time per transaction. 

56. The set of signals of claim 49, Wherein the active 
transaction manager comprises: 

an identi?er generator con?gured to generate unique 
identi?ers for transactions in said ?rst set of transac 
tions. 

57. The set of signals of claim 49, Wherein the active 
transaction manager is implemented in association With a 
Java Virtual Machine. 

58. The set of signals of claim 49, Wherein said active 
database is stored in RAM. 

59. The set of signals of claim 49, Wherein said merge 
database is stored in RAM. 

60. The set of signals of claim 49, Wherein the active 
transaction manager manages a persistence log. 

61. The set of signals of claim 49, comprising: 

a third signal for instructing the active transaction man 
ager, 

Where the ?rst signal causes the latent transaction man 
ager to apply transactions to the merge database to 
re?ect a set of transactions af?liated With the second 
subset of transactions re?ected in the transaction log, 
the second signal causes the active transaction manager 
to halt transactions With the active database While the 
latent transaction manager updates the merge database 
to re?ect the set of transactions af?liated With the 
second subset of transactions re?ected in the transac 
tion log, and the third signal causes the active transac 
tion manager to subsequently manage transactions to 
the active database and the merge database, if the merge 
manager transfers control of the merge database to the 
active transaction manager. 

62. The set of signals of claim 61, Wherein the merge 
manager comprises: 

a counter con?gured to generate a log number re?ecting 
a total quantity of transactions in the transaction log; 
and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the log 
number is approximately equal to a target value. 

63. The set of signals of claim 61, Wherein the merge 
manager comprises: 

a counter con?gured to generate a log number re?ecting 
a total quantity of transactions in the transaction log; 
and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the log 
number is less than a target value. 

64. The set of signals of claim 61, Wherein the merge 
manager comprises: 

a time calculator con?gured to calculate a characteristic 
distribution time associated With the active transaction 
manager; 
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a merge time calculator con?gured to calculate a merge 
time value for the merge database to re?ect a set of 
transactions af?liated With the second subset of trans 
actions re?ected in the transaction log; and 

a controller con?gured to transfer control of the merge 
database to the active transaction manager if the merge 
time value is approximately equal to the characteristic 
distribution time. 

65. The set of signals of claim 64, Wherein the time 
calculator comprises: 

an active time calculator con?gured to calculate an 

amount of time per transaction for the active transac 
tion manager to manage transactions With the active 

database; and 

a results processor con?gured to set the characteristic 
distribution time equal or approximately equal to the 
amount of time per transaction. 

66. The set of signals of claim 61, Wherein the merge 
manager comprises: 

a time calculator con?gured to calculate a characteristic 
distribution time associated With the active transaction 
manager; 

a merge time calculator con?gured to calculate a merge 
time value for the merge database to re?ect a set of 
transactions af?liated With the second subset of trans 
actions re?ected in the transaction log; and 
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a controller con?gured to transfer control of the merge 
database to the active transaction manager if the merge 
time value is less than the characteristic distribution 
time. 

67. The set of signals of claim 66, Wherein the time 
calculator comprises: 

an active time calculator con?gured to calculate an 
amount of time per transaction for the active transac 
tion manager to manage transactions With the active 
database; and 

a results processor con?gured to set the characteristic 
distribution time equal or approximately equal to the 
amount of time per transaction. 

68. The set of signals of claim 61, Wherein the active 
transaction manager comprises: 

an identi?er generator con?gured to generate unique 
identi?ers for transactions in said ?rst set of transac 
tions. 

69. The set of signals of claim 61, Wherein the active 
transaction manager is implemented in association With a 
Java Virtual Machine. 

70. The set of signals of claim 61, Wherein said active 
database is stored in RAM. 

71. The set of signals of claim 61, Wherein said merge 
database is stored in RAM. 

72. The set of signals of claim 61, Wherein the active 
transaction manager manages a persistence log. 

* * * * * 


